The purpose of our study was to describe an efficient, reliable and inexpensive surgical method for cerebral venous blood gas sampling in acutely instrumented pigs in a research setting. Parameters from the blood samples are used to monitor brain perfusion and oxygenation in different animal models. To the authors' knowledge, this is the first detailed description of an accurate surgical technique for catheterization of the sagittal sinus in pigs.
In different animal models of increased intracranial pressure, hypothermia or intraoperative hypotension, there is a need for continuous measuring of parameters in the cerebral venous blood such as PO 2 , PCO 2 , pH, blood sugar and lactate (Aranda et al. 1993 , Ahmad et al. 2000 , Voelckel et al. 2000 , Hoffman et al. 2001 . For this purpose, one could insert a jugular venous catheter and place it retrograde in the jugular bulb (March 1994) . In this case, there is quite a number of extracranial venous blood samples (Croughwell et al. 1995 , Lam et al. 1996 , and an X-ray is needed to prove the correct position. Another method of obtaining cerebral venous blood samples was first described by Michenfelder et al. (1968) in a dog model. We report on a similar efficient, reliable and inexpensive method for catheterization of the sagittal sinus in a pig for getting continuous blood samples without the need of postprocedural radiographs. The validation of this method has been documented in different studies (Michenfelder et al. 1968 , Stå nge et al. 1989 ).
Materials and methods

Animals
This laboratory technique was carried out on healthy female domestic pigs (Sus scrofa domestica; age 4 months, weight 34-36 kg) in the context of an investigation dealing with the effects of aggressive controlled hypotension on cerebral perfusion and oxygenation. The animals were kept in accordance with the national standards of laboratory animal welfare in Germany. Experimental procedures were approved by the Local Ethics Committee on Animal Research at the University of Rostock (Germany). Twenty acutely instrumented pigs were studied under general anaesthesia. . At the end of the experiments, all animals were euthanized while in deep anaesthesia with a potassium chloride overdose, according to German laws for animal studies.
Anaesthetic protocol
Surgical technique
After induction of anaesthesia, the pigs were placed in a prone position for catheterization of sagittal sinus. A straight 3 cm skin incision was made midway between the eyes (Figure 1) . A 5 mm burr hole was placed in the midline and widened with a bone biopsy punch to a diameter of about 1 cm. As shown in the anatomical drawing (Figure 2) , the frontal sinus was placed directly under the burr hole and could be opened during this procedure. In such a case, it was necessary to place absorbable gelatin sponges (Curaspon s ; Curamedical BV, Assendelft, The Netherlands) and bone wax into the open sinus to prevent haemorrhage from the bone and mucosa. Thereafter, the back wall of the frontal sinus should be opened carefully and the dura mater could be prepared. Any bleeding of the bone was sealed with bone wax.
The pig should be placed with its head pointed downward 301 so that the very tiny sinus is filled with enough blood for puncturing. We used the Seldinger technique for insertion of the catheter. For cannulation of the sagittal sinus, a paediatric jugular catheterization set (Arrow ES-04150; Arrow International Inc, Reading, PA) was used. The dura was grasped in the midline with a pair of small forceps and a 1 mm incision was made. After blood was noted in the catheter, a spring-wire guide 0.025 00 in diameter was placed in the sinus. Due to the very tiny sinus (Figure 3) , the insertion should be made nearly horizontal to the surface. Otherwise, it can happen that the (2) and the sagittal sinus (3). Adapted from Popesko (1998) with permission; originally published by Priroda, Bratislava, German edition published by Enke Verlag, Stuttgart whole sinus is perforated and the catheter is placed in the longitudinal fissure and no blood can be aspirated. Then the 20 Ga Â 5 00 catheter was inserted via the wire about 2 cm into the sinus (Figure 4) . The burr hole was closed with an absorbable gelatin sponge and the catheter was fixed to the skin, which was sutured regularly (Figure 5) . After a last testing of retrograde blood flow in the catheter, it was locked with heparinized saline.
After the end of the surgical preparation, at least 60 min were allowed for stabilization before measurements started. During the experimental series, it was possible to collect sinusal blood samples in the same manner as an arterial blood sample.
Conclusions
This study has shown for the first time a detailed description of an accurate surgical technique for catheterization of the sagittal sinus in pigs.
The described anaesthetic protocol with continuous injectable drugs and controlled ventilation has a minor-to-moderate effect on respiration and the cardiovascular system, body temperature and physiological parameters, particularly with regard to cerebral blood gas parameters. Furthermore, the described dosages induced a deep surgical anaesthesia of long duration with a smooth induction in domestic pigs. The authors can recommend this method of anaesthesia for non-survival experiments measuring cerebral venous blood gas parameters such as PO 2 , PCO 2 , pH, blood sugar and lactate obtained from catheterization of sagittal sinus in this experimental setting for up to 12 h. In this picture, the frontal burr hole in the midline and directly upon the frontal orbital line is shown. It demonstrates the widened burr hole with the catheter placed in the sagittal sinus in the frontal part of the cerebrum for the experimental setting Figure 5 Experimental set-up after insertion of the catheter in the sagittal sinus and suturing of the skin.
The catheter is connected with a three-way tap for collecting blood samples at any time during the experiment We think that the described surgical technique is a safe and easy way of inserting a catheter into the sagittal sinus in a pig for continuous access to the central venous blood. The collection of blood out of the sinus is superior to the jugular bulb due to the arteriovenous mixed blood in the jugular bulb. Also, the insertion of the catheter is easier to perform because a radiograph is not required to check placement. Our previous experience with the laboratory technique presented in this paper suggests that the procedure is useful and reliable and may be applied in numerous experimental settings.
